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INTRODUCTI N

At the request of the Bureau of Aeronsutics, Navy Depart-
ment, an engine cylinder barrsl with aiumimum fins was tested
by this laboratory (reference 1). Iater two more barrels
manufactured by a method to be used in the factory production
of large nuibers of engines were tested (reference 2). The
tests showed that the thermal bonds between the aluminum fins
and the aluminum base and between the aluminum bese and the
steel for all three barrels were very good. In addition, other
tests showed that the mechanical bonde between the cylinder
parts would probably be satisfactory.

Based on the results of tests on a large number of finned
cylinders, an lysls of optlmum fin proportions has been
mede (reference 3). From this analysis it was predicted that
the heat transfer of the barrels reported in references 1 end
2 could be appreciably increased by changing the fin space from
about 0,052 inch, the spacing used on the three barrels
tested, to 0.090 inch, The amount of incresse, for instance,

was about 19 percent for the cylinder described in reference
1.

As a result of the foregolng analysis a steel cylinder
barrel with aluminum fins of the optimum spacing of 0.090
inch was made and the results of tests on thls cylinder are
given in the present report. The purpose of the tests was
to determine the excellence of the thermal bonds between the
aluminum fins and the aluminum base and between the alumimum
base and the steel and to compare the heat transfer of this
barrel with that of the barrels with a fin space of 0,052
inch, Tests were also mede to detormine the sdequacy of the
rechanical bonds between the fins and the aluminum base and
between the aluminum base and the steel. The tests were made .
ut the request of the Bureau of Aoronautics, Navy Department.




APPARATUS AND METHODS

The spperatus and methods used for testing the present cylinder
barrel were similar to those used to test the two barrels reported
in reference 2, The fin spacing of the barrel reported hereln was
0.090 inch; the fin width, 0.375 inch; end the fin thickness, 0.026
inch. The barrel reported in reference 1 had a fin space of £.052 °
inch, a fin width of 0.375 inch, and a fin thickness of 0.025 irnch.
The two barrels of reference 2 had fin widths of 0.438 inch, fin
spaces of C.052 inch, and fin thicknesses of 0.025 inch. The effpct
of fin space on heat transfer is determined in the present report
by comparing the results of the tests on the two barrels with 0.37%~
inch fin width, These two barrels are shown in figure 1. The
flange of the &.090-inch space cylinder was cut off to facilitate
instailation in the heat~transfer apperatus.

RESULTS AND DISCUSSIMN
Heat—~Transfer Tests

The surface heat-trensfer coefficlents q of finned cylinders
have been correlated, as noted in referemce 1, for an alr-flow
arrengement as used in the present tests (referemce 4). Tms, it
hs3 been found for cylinders enclosed in a jackst and cooled by a
blower,

Vo gs°
ka 2B/
where
qQ surface heat~transfer coefficient, Btu per square inch fin
surface area per °F difference between the average temper—
ature of the cooling surface and the entering-air temper—
ature per hour
8 average space between fins, inches
Kk, thermal conductivity of the cooling eir, But per square
~ inch per °F per second through 1 inch
Vplg the weight velocity of the cooling alr pounds per second

per square foot of free flow area between the fins



T absolute viecomliy of the cooling alr, pounds per
second per foot

-D -~ diamdter of cylindor at Fifi root, inches

Figure 9 (d) of reference )t shows & curve esteblished from
tests on a large number of cylinders with an air-flow arrange-
ment as in the present tests, plotted in terms of functions
of equation (1). Surface heat~transfer coefficients for & .
cyllnder with fin and cylinder dimensions the same as for the
test cylinder were calculated from this curve for several weight
velocltles between the fins, The results are shown in the curve
marked "calculated coefficients" in figure 2, The experimental
surface heat-transfer coefficlents for the test cylinder are
also shown in figure 2,

The experimental coefficients are sppreciably greater
than the calculated coefflclents. The tests were repeated
twice, and the setup completely checked. The axperimental
over-all coefficients U were also much greater than the
calculated over-all coefficients for the cylinders reported
in references 1 and 2. It was thought, in the case of the
cylinders in these referencea, that the difference was due in
part to the fact that no greater accuracy than that obtained
could be expected when comparing the results of any one
cylinder with results calculsted from a correlation curve.
The results of figure 2 arec too far spart for this reasonlng
to be srvlicable.

The experimental surface hoat-transfer coefficients of
the cylinder reported in reference 1, ono of the cylinders
reported in reference 2, the present cylinder, and a steel
cylinder with integral fins of short width have been plotted
in figure 3 in terms of the functions of equation (1). Also
plotted on the figure is the curve of reference U4 which has
been used in roferences 1 and 2 and in figure 2 of the
prosent report to determine celculated coefficients, A new
curve can be drawn through the data of the cylinders with short
fins that is sppreclebly higher than the old curve, Reference
to figure 9 (d) of refercnce U4 shows that some points for
cylinders with short fins were much higher than the faired
curve that was drawn through the experimental points of all
the cylinders tested. TFrom the results of figure 3 1t is
concluded that the ¢ld correlation curve 1s.not applicable
to cylinders with short width fins, Iquation (1) shows that
fin width does not enter into the correlation, only fin
spacing, For large widths the fin spacing is the predominat—
ing fin dimension in heat transfer, this case belng analogous
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. to heat transfer between two flat plates, For small fin widths,
however, the case 1s more analogous to flow through tubes and
channels and the functions of equation (1) should probably involve
an equivalent diameter lnstead of fin space., Further effort to
correlate data of cylimlers with fins of various widths 1s needed.

The experimentel over-all heat-transfer coefficlents for
various pressure differences for the present cylinder and the
cylinder reported in reference 1 are shown in figure Y. The
difference in the cylinders, as previously stated, is the fin
spacing. As mentioned in the lntroduction, the results of the
anslysis to determine the effect of changlng the fin space from
0.052 to 0.C90 inch, using sluminum fins, sre given in figure 5.

The calculations sre based on a fin width of 0,375 inch and a fin
thickness of 0,025 inch, the fin dimensions of the first barrel
tested, The results of figure 4 check the results of figure 5 in
that the cylinder with 0.09~inch space showed a higher heat transfer
than the 0.052=inch fin space cyllnder. At 8 inches of water
pressure difference, for instance, the increase in heat transfer

is epproximately 26 percent based on the heat transfer of the 0.052-
inch space cylinder. The curves of figure U are higher than the
corresponding curves of figure 5 for the same pressure difference,
for the reasons-glven in the discusslion of figure 3, but the differ-
ence in heat traensfer between the two cylinders on elther figure

is spprroximately the same. The coefficients of the 0.09-inch fin
space cylinder based on elther the temperature of the steel or the
temperature of the alumlnum base were aspproximately the same, as
shown in figure 4., This agreement indicates that the thermal bond
between the steel and aluminum base 1s satisfactory.

The fin width of the barrels reported in reference 2 was
0,438 inch and that of the barrel reported in reference 1 was
0.375 inch, as previously noted. It was shown in reference 2
that with this increase in fin wldth, at a glven welght veloclity,
the over-all heat~transfer coefficient increased approximately
15 percent. Figure 6 shows the experimental over-all heat~transfer
coefficients of the four barrels for various pressure differences.
The greatest heat transfer was obtained from the cylinders with
0.438-inch fin width even though their fin spacing was only
0052 inch, indicating the importance of fin width, The additlon-
al fin width,as compared with the 0,375 inch width, was more than
sufficlent to overcome the loss in heat tramsfer that occurred
becanse the fin space was not 0,09 inch, It 1s estimated that
the heat transfer of the cylinder herein reported could be increased
spproximately 35 percemt, or U would be sbout 1.96 Btu per
OF per square inch per hour at a pressure difference of & inches
of water, by increasing the fin width from 0.375 to 0.438 inch,
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Thus, with a steel barrel with alumimum fins of 0.09~inch fin
spacing end 0.438-inch fin width epproximately 87 percent more
heat transfer should be obtalned as compered with a steel
barrel with steel fins of 0,052-inch spacing and 0.375-inch
fin width, It 1s not necessary to test & barrel with optimm
fin spacing and wider fins than are on the present cylinder

to check the foregoing estimates, as the effect is well dbrought
out in figure 6 with the 0.052-inch fin space cylinders. ’

FPhyeical Tests

The tests to determine whether the mechanical bonds
between the fins and the aluminum base and between the steel
and the aluminum base were satisfactory were similar to the
tests made on the other three barrels previously tested.

The barrel was cut in half, one half was cut in quarters, and
ebout an inch of one quarter was cut off. One edge of the
quarter plece was polished and etched, and the result shown
in figure 7. The outline of the fins did not show up as well
as on the previous cylinders, except for the two end fins,
although the time of etching was gre=ter for the present
barrel than for the other barrels. This result would indicate
that the bond between the fins and the aluminum base was good
but such was not the cese. The bond was worse than any barrel
that has been tested, When the barrel was received some of
the fins could be worked back and forth in their grooves,

Also the fins could be easily pulled from their grooves with
Pliers on the l-inch plece cut from one quarter. A similar
test on a l-inch plece from a former barrel showed that no
amount of pulling could dislodge the fins. It can be concluded
that the mechanical bond between the fins and aluminum base .
of the present barrel was very poor.

The steel was then pried loose from the aluminum base
of the half section of the barrel. The force required to
remove the steel from the sluminum base was much greater than
in simllar teste of former barrels and it can be concluded
that the mechanical bond is satlsfactory. There seemed to be
more mixing of the flux material with the aluminum and the
steel with the present barrel than with the former barrels
as shown in figure &, which shows the two sections, steel end
aluminum base, of the half plece after they hed been pried
apart. It has been noticed, however, in all the barrels that
there did not seem to be a chemical mixing of the alumimum in
the steel or of the steel in the aluminum. The bond seems to
be more analogous to the case of the pasting of two pleces of
paper together.




CONCLUSICHS

1, The over—all heat-~transfer coefficient of the presemt
barrel with a fin spacing of 0.09 inch was approximately 26
percent greater than the coefficient of the 0.052~inch fin
space barrel at 8 lnches water pressure difference.

2. Heat~transfer tests indicated that the thermal bonds
between the aluminum fins and the alumimm base and between
the aluminum base and the steel are very good.

3, Tests showed that the mechmnical bond between the
fins and the aluminum base was very poor.

i, Tho mechanical bond between the eteel and aluminum
bage was a little better than for the ofMer barrels tested
end is considered satlsfactory.

5. The banding of the steel to the elunimm base does
not seem to be a chemical hending But is more analogous to
the case of pasting two pleces of paper together.

6. The addition of fin width to the present barrel, if
practical, should increase the heat transfer appreciably.
An increase of 1/16 inch, for instance, would increase it
ebout 35 percemnt. :

7. Trom the results of the present tests and calculations
it is estimated that the heat transfer of a steel cylinder
berrel with fins of 0.052 inch space and 0.375 inch width could
be increased 87 percent if aluminum fins of 0.09 inch space
and O.438 inch width were used.

langley Memorlial Aeronamtical Lseboratory,
National Advisory Committee for Aeronsutics,
langley Field, Va,, November 13, 1940.
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{a) Barrel with 0.052-inch fin space. {b) Barrel with 0,09-inch fin space.

Figure I. - Engine cylinder barreis.
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